Purpose-grown biomass is derived from herbaceous species such as switchgrass (Panicum virgatum), and miscanthus (Miscanthus giganteus) as well as woody species such as poplar (Populus spp.) and willow (Salix spp.). Feedstocks derived from these crops are used in the production of biofuels. Soil microorganisms in biomass cropping systems play important roles in soil fertility, nutrient cycling, and plant productivity. However, they can be influenced by plant species and management practices. This study assessed the distribution and abundance of soil microbial communities (total bacteria, total fungi and arbuscular mycorrhizal fungi (AMF) as influenced by poplar and willow (woody biomass crops) and switchgrass and miscanthus (herbaceous biomass crops) planted in fertilized and unfertilized plots in marginal soils. Soil was sampled in the fall of 2014 and spring of 2015 from biomass crops planted on marginal land in Guelph, Ontario, Canada. DNA was extracted, and quantitative PCR was used to enumerate the total bacteria (16S rRNA), total fungi (ITS), and AMF (AMF SSU rRNA) abundance in the soil. The total fungi and AMF abundance differed significantly across the herbaceous and woody species, with higher fungal abundance in the poplar resulting in higher fungal/bacterial (F/B) ratios compared to switchgrass and miscanthus. However, AMF were more abundant in the herbaceous species than in the woody species. Fertilization had a positive effect on the bacterial and fungal communities but not the AMF community under the different biomass cropping systems assessed in the fall season. These results illustrate that biomass crop species and management practices in biofuel cropping systems strongly influence soil microbial communities.
Introduction
More than 35 countries have implemented policies endorsing the production and use of bioenergy as an alternative to fossil fuels (OECD/FAO 2011) leading to increased cultivation of biomass crops over the last decade. Switchgrass (Panicum virgatum), miscanthus (Miscanthus giganteus), willow (Salix spp.) and poplar (Populus spp.) are sustainable crops dedicated to bioenergy production (Amaducci et al. 2017) . These crops, also referred to as purpose-grown biomass crops, consist of cellulosic materials used as feedstock in the production of biofuels; moreover, they can withstand drought and adapt to low-nutrient conditions found in marginal lands (Gelfand et al. 2013; Amaducci et al. 2017) .
Marginal lands are degraded lands with low productivity (Dale et al. 2010) . The Canadian Land Inventory (CLI) classification categorizes land as 'productive lands' with no or minimal limitations for crop production (classes 1 to 2), and 'marginal or unproductive lands' with moderate to severe limitations (classes 3 to 5). Growing biomass crops on marginal lands instead of agricultural lands reduces the pressure on productive or agricultural lands while achieving productivity on marginal lands (Gelfand et al. 2013 ). In addition, when cellulosic crops are planted on marginal lands instead of agricultural lands, indirect carbon cost resulting from displaced food and feed production is avoided and therefore can mitigate greenhouse gas (GHG) emissions and provide ecosystem services (Dale et al. 2010) . Although growing different biomass crops may increase productivity on marginal lands, it may also result in distinct soil microbial populations (Garbeva et al. 2004) with differing capabilities to make use of substrate and withstand stresses (Strickland and Rousk 2010) .
Soil microbial communities are crucial to enhancing plant growth and productivity (Lakshmanan et al. 2014) ; these communities drive several vital ecosystem processes such as organic matter decomposition, carbon (C) and nitrogen (N) cycling, and the establishment of plant communities (Schulz et al. 2013) . One of the most important contributors to plant growth and productivity are the naturally occurring arbuscular mycorrhizal fungi (AMF) which form symbiotic associations with 80% of terrestrial plants; this symbiosis promotes plant growth by improving mineral nutrition while substantially reducing fertilizer requirements (Berruti et al. 2016; Smith and Read 2008) . In addition, melanized hyphae produced by AMF is resistant to decomposition which can build-up long-term humus, soil organic carbon (SOC), in soils (Clemmensen et al. 2015) and reduce soil nutrient losses (Cavagnaro et al. 2015) . AMF populations may improve productivity in marginal lands consequently reducing the use of external mineral fertilizer inputs.
Plant type, management practice, and sampling time can impact soil properties directly and through alterations in microbial communities Smith et al. 2010) . The cultivation of herbaceous species such as switchgrass and miscanthus promotes soil carbon accumulation, a significant amount of net primary production is sent belowground by these grasses, increasing SOC, and enriching the rhizosphere microbial community (Chapin et al. 2002) . Also, the addition of inorganic nitrogen can impact soil microorganisms directly by increasing N availability and soil acidity (Wei et al. 2013) . Fertilizer rich in nitrogen favors the bacterial community in a soil while substrates with a moderately high C:N ratio stimulates the growth of the fungal population (De Vries et al. 2006) . The effect of these practices on soil microbial communities must be assessed to understand the environmental sustainability of biomass production on marginal lands.
Several studies on biofuel cropping systems (Jesus et al. 2016; Liang et al. 2012; Mao et al. 2013) compared soil microbial communities in corn and different perennial grasses. However, the influence of purpose-grown biomass crops (herbaceous and woody crops species) and the effect of fertilization on soil microbial communities in marginal lands is less understood. Specific factors that impact soil microbial communities remain largely unknown (Liang et al. 2012) . This indicates a need to assess factors that influence microbial communities in biofuel cropping systems on marginal lands.
In 2009, the University of Guelph and the Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA) established a long-term research site to monitor biomass production for bioenergy on marginal land. Previous studies on the site estimated biomass yields (Mann 2012; Marsal et al. 2016 ), but no study has assessed the soil microbial communities.
The purpose of this study was to investigate the impact of biofuel cropping systems on soil microbial communities in marginal lands. The main objectives were (1) to quantify the abundance of total bacteria, total fungi and arbuscular mycorrhizal fungi in soils associated with switchgrass, miscanthus, poplar, and willow stands in marginal lands; and, (2) to determine the impact of nitrogen fertilization on the abundance of these communities. Given the difference in biomass composition (lignin and cellulose) between herbaceous and woody crops (Amaducci et al. 2017) , and host preferences of AMF colonizing herbaceous plants species without fertilizer (Emery et al. 2017) we hypothesized that woody biomass crops and herbaceous biomass crops would support distinct soil microbial communities, and the abundance of AMF communities would be higher in herbaceous plots that received no nitrogen fertilizer. To address these objectives, we used quantitative polymerase chain reaction (qPCR) which offers a rapid and reliable method to quantify microorganisms in soils (Fierer et al. 2005) . This study provides an opportunity to advance our knowledge on the impact of purposegrown biomass crops and fertilization on soil microbial communities on marginal lands in the province of Ontario, Canada.
Materials and methods

Study site and experimental design
The experimental site was established in June 2009 and is situated at the University of Guelph's agroforestry research station, southwestern Ontario, Canada (Latitude 43°32 0 59.91 00 N, longitude 80°12 0 27.99 00 W). The soil is Gray Brown Luvisol with a fine sandy loam texture, neutral pH (7.2), and according to the Canadian Land Inventory (CLI) guidelines it is classified as a class 4 soil mainly due to stoniness. The experimental design was a randomized complete block design (RCBD) split-plot established with a total of 20 main plots, which consisted of 4 replicates of each of the 5 biomass crops. The crops evaluated in this study consisted of switchgrass, miscanthus, poplar, and willow. In spring 2014, half of each plot (split-plot) was fertilized with N-P-K, in the proportion 75-42-62 kg ha -1 . Each plot had a dimension of 10 m by 10 m with a 3 m buffer separating each plot to prevent fertilizer seepage. Detailed information about the biomass crops, splitplot design and fertilization can be found in Marsal et al. (2016) .
Soil sampling
Soil samples were collected in November 2014 (fall) from the split-plot (fertilized and unfertilized plots) of switchgrass, miscanthus, and poplar in 4 replicates. Soil samples were collected again in May 2015 (spring) from the above-indicated biomass crops and from an additional woody biomass crop; willow. Soil was sampled in each split-plot at a depth of 0-15 cm, eight cores were collected randomly near the plant roots along a X transect using a 5 cm diameter soil auger. Soil collected for each split-plot was homogenized and kept in sterile, labelled sample bags and transported on ice packs to the laboratory. A total of 24 soil samples (3 crops 9 2 treatments 9 4 replicates) were collected in fall and 32 soil samples (4 crops 9 2 treatments 9 4 replicates) were collected in spring. Soil samples for microbial analysis were kept at 4°C and processed within 24 h for DNA extraction while samples for chemical analysis were stored at -20°C.
Soil chemical properties
Soil samples were homogenized, air dried and passed through 2 mm sieve. Total nitrogen (TN) was analyzed using standard procedures as described in Leco FP-428 nitrogen analyzer manual (Leco Instruments Ltd., St Joseph, Michigan, USA). Soil organic carbon (SOC) was also analyzed using the dry combustion method as described in Leco CR-12 carbon analyzer manual (Carter and Gregorich 2008) .
DNA extraction and quantification of total bacterial and fungal communities
Each soil sample was homogenized, and DNA was extracted within 24 h from 0.5 g of soil using the PowerSoil DNA isolation kit (Mo Bio Laboratories Inc., Carlsbad, CA, USA) according to the manufacturer's instruction. A final volume of 100 lL of DNA was obtained. The quantity and purity of DNA were determined with a Nanodrop ND-8000 spectrophotometer (Thermo Fisher Scientific Corp.). DNA was stored at -20°C for further downstream applications.
Quantitative polymerase chain reaction (qPCR) assay was used to target and enumerate genes for total bacterial (16S rRNA), total fungal (ITS), and arbuscular mycorrhizal fungi (AMF SSU rRNA) communities using primer pairs 338F/518R (Fierer et al. 2005) , ITS1F/ITS4R (White et al. 1990 ) and AML1/ AML2 (Lee et al. 2008) respectively.
Each 20 lL qPCR reaction mixture contained 10 lL Sso Fast TM EvaGreen Supermix (BioRad Laboratories, Inc.), 1 lL of each of forward and reverse primers (10 lM), 7 lL DNase-free water, and 1 lL template DNA (1 to 10 ng/lL). To ensure PCR inhibition-free dilutions, extracted DNA was subjected to a pUC plasmid inhibition test using M13F and M13R primers as described by Reardon et al. (2013) .
The following qPCR conditions were optimized for each assay; for bacteria (16S rRNA gene): 3 min of initial denaturation at 98°C followed by 40 cycles of dissociation for 10 s at 98°C, annealing of primers for 5 s at 55°C, and extension for 30 s at 72°C. Fungi (ITS): 2 min of denaturation at 98°C, 40 cycles for 15 s at 98°C, annealing for 0.30 s at 55°C, and extension for 15 s at 72°C, and AMF (AMF SSU rRNA gene): 2 min of denaturation at 98°C for 40 cycles for 30 s at 98°C, annealing for 30 s at 55°C, and extension for 10 s at 72°C. Temperature was increased by 0.5°C from 65 to 95°C for 5 s to analyze melting curves at the end of each assay.
Standard curves for quantification were created using duplicate tenfold dilution series of plasmid DNA containing the target genes (10 8 -10 1 copies per assay). Each qPCR assay included two no-template controls (NTC) that yielded no or negligible values. The target genes were amplified on a thermal cycler (model CFX96; BioRad Laboratories, Inc.).
Efficiencies and R 2 values of the standard curve were 100.4% and 0.99 for 16S rRNA, 100.3% and 0.99 for ITS, and 102.9% and 0.99 for AMF SSU rRNA. The fungal-to-bacterial ratio (F/B) was calculated by dividing the copy numbers of the total fungi by those of the total bacteria from the qPCR assays (Fierer et al. 2005 ).
Statistical analysis
The data obtained from soil properties measured and qPCR of microbial communities were analyzed as a split-plot design using PROC MIXED procedure of SAS (version 9.4; SAS institute, Inc., Cary, NC, USA). Plant species, treatments (fertilized and unfertilized plots), and time were considered as fixed effects, while blocks were random effects. The means were determined and compared using Tukey's post hoc test. Seasons were analyzed separately and not as repeated measure because an additional experimental unit was added in spring. The soil organic carbon (SOC) and total nitrogen (TN) were also analyzed as covariates to determine their influence on the soil microbial communities. The F/B ratio was analyzed using GLM. All statistical analyses were considered significant at P \ 0.05.
Results
Soil properties
The average soil organic carbon (SOC) differed significantly in the crop species in spring. When compared with the other crop species, SOC was significantly lower in poplar (Table 1) . Similarly, there were differences in TN between crop species in the spring. Significantly higher TN was observed in willow soil compared to poplar and switchgrass (Table 1) . When tested as covariates, the TN and SOC had no significant effect on bacterial, fungal or AMF communities in both seasons analyzed.
The abundance of soil microbial communities in biomass crop species Soil microbial communities were differentially associated with the biofuel crops. The total bacteria 16S rRNA gene abundance did not vary significantly between the crop species in either of the fall or spring seasons (Fig. 1) . In contrast, the total fungi ITS gene abundance differed significantly between the crop species in both seasons investigated (Fig. 2) . In the fall, the total fungal abundance represented by mean ITS gene copies g -1 dry soil in poplar was 7.8% higher than in switchgrass (P = 0.0002) and 5.6% higher in poplar than in miscanthus (P = 0.0001). In spring, the abundance of ITS gene copies g -1 dry soil in poplar were 10.3% higher than in switchgrass (P = 0.0009) and 11.5% higher than in miscanthus soils (P = 0.0030). Likewise, in willow soils, ITS gene copies g -1 dry soil was 15.7% higher than in switchgrass (P \ 0.0001) and 17.0% higher than in miscanthus soils when compared in spring (P = 0.0002) (Fig. 2) .
Conversely, the abundance of the AMF, as targeted by its AMF SSU rRNA gene followed an opposite trend in the crop species. The soils of switchgrass and miscanthus were characterized with significantly higher AMF SSU rRNA genes compared to the soils of poplar and willow (Fig. 3) . The mean AMF SSU rRNA gene copies g -1 dry soil in switchgrass was 7.7% higher compared to poplar and 5.2% higher in miscanthus compared to poplar soils in fall (P \ 0.0001). Although the abundance of AMF SSU rRNA genes was lower in spring compared to fall, the percentage difference between the crop species increased. The mean AMF SSU rRNA gene copies g -1 dry soil in switchgrass was 18.0% higher compared to poplar and 13.6% higher in miscanthus compared to poplar. Similarly, the abundance of AMF was 16.1% higher in switchgrass soils than in willow soils and 11.8% higher in miscanthus than in willow soils in spring (P \ 0.0001). Overall, AMF mean gene abundance was highest in the soils of switchgrass in both fall and spring. Shifts in microbial communities were established by the fungal-to-bacterial ratio (F/B) obtained from the quantification of the targeted genes. There was a significant effect of the crop species on the F/B ratio. The F/B ratio was significantly higher (P \ 0.0001) in poplar and willow compared to switchgrass and miscanthus (Fig. 4) .
Effect of fertilization on microbial communities
The quantification of the microbial genes within the fertilized and unfertilized plots of the crop species showed that the main effect of fertilization significantly affected the total bacteria (P = 0.0086) and total fungi populations (P = 0.0237) in the fall, but not spring (Figs. 1, 2, Supplemental Table S4 and S5). In fall, a higher abundance of 16S rRNA and ITS genes were associated with fertilization. The mean 16S rRNA gene copies g -1 dry soil in the fertilized plots compared to the unfertilized plots was 4.2% higher in switchgrass, 1.6% higher in miscanthus, and 6.8% higher in poplar (Fig. 1) . Similarly, the mean ITS genes copies g -1 dry soil was 4.9% higher in the fertilized plots of switchgrass, and 6.1% higher in fertilized plots of poplar compared to the unfertilized plots (Fig. 2) . For both 16S and ITS, the fertilized plots of poplar had the highest microbial gene abundance in fall (Figs. 1, 2 ). There were no significant differences due to N fertilizer treatment in 16S and ITS genes abundance in the spring sampling date. There were also no significant differences in the abundance of AMF SSU rRNA gene in the fertilized and unfertilized plots in the fall (P = 0.438) or spring (P = 0.175) seasons (Fig. 3 ). In addition, fertilization had no significant effect on F/B ratio.
Variations in microbial gene abundances with sampling time
Quantification of the microbial genes in the unfertilized plots in both sampling times indicated that fungi and AMF gene abundances were higher in the fall than in the spring, on the other hand, bacteria gene abundances showed no change in both seasons. Although the numbers can not be statistically compared, it is interesting to consider the trends; the ITS gene copies and AMF SSU rRNA gene copies were higher in fall (November 2014) compared to spring sampling (May 2015) (Figs. 2, 3 , Supplemental  Table S7 ). There were no differences in the bacterial communities, therefore, we see higher fungal/bacterial ratio in fall than in spring (Fig. 4) .
Discussion
This study set out to determine the impact of purposegrown bioenergy crops on the abundance of three key microbial communities, notably total bacteria, total fungi, and arbuscular mycorrhizal fungi. Our results indicate that crop species had a significant influence on the total fungal and AMF communities but not on the bacterial community. Higher abundance of the total fungal community was detected in soils of the poplar and willow (woody crops) compared to switchgrass and miscanthus (herbaceous crops). Conversely, AMF abundance was higher in soils of switchgrass and miscanthus compared to poplar and willow. Several studies have shown that bioenergy crops influence soil microbial communities (Mao et al. 2013; Oates et al. 2016; Thompson et al. 2016) , and the community composition of the root microbiome is influenced by the plant genotype (Agler et al. 2016; Reinhold-Hurek et al. 2015) . Plants supply large proportions of carbon and nitrogen to soil microorganisms in the form of root exudates and residues, possibly, the root composition found in woody crops are different from those found in herbaceous crops, which suggests the difference in the fungal communities associated with these crop species (Broeckling et al. 2008; Lakshmanan et al. 2014; Mao et al. 2014) .
Although the abundance of AMF was lower in spring compared to fall, the percentage difference in AMF SSU rRNA gene in switchgrass and miscanthus soils compared to poplar increased over the cropping seasons from Nov 2014 to May 2015. This result shows the ease in the establishment of the AMF community in herbaceous plants over woody plants. Plant-associated soil microorganisms such as AMF enhance productivity and nutrient cycling in biomass cropping systems, this percentage increase could suggest more efficient nutrient cycling (Berruti et al. 2016 ) and increased productivity. Switchgrass and other perennial grasses enhance the growth and activity of AMF; high selectivity between host plants and AMF has been reported by several studies (Yang et al. 2012; Mao et al. 2014) . Higher AMF abundance recorded in switchgrass also suggests a symbiotic relationship, which may positively enhance growth and productivity under abiotic stress conditions such as drought and low soil fertility conditions (Ghimire et al. 2009 ).
Remarkably, we observed no significant difference in the abundance and distribution of the 16S rRNA genes in the woody and herbaceous crop species in either sampling dates. This indifference in the abundance of bacteria in the cropping system could possibly imply that these bacteria could utilize root exudates from all plants (Lakshmanan et al. 2014 ). This result suggests that crop species is not a strong determinant within the bacterial community at this site. In addition, several studies have compared bacterial communities in biomass crops across various sites and found that site-to-site variation, topography, and soil type were more apparent than variation emanating from plant type (Jesus et al. 2016; Mao et al. 2013) . In this study, however, all the biomass crops were cultivated in the same location under RCBD; therefore, we can presume there were no significant variations in soil type, cultivation, topography and land management. Therefore, any shifts in microbial communities can be linked solely to crop types, treatments and the seasons in which they were sampled.
The higher 16S rRNA and ITS gene abundances observed in the fertilized plots compared to the unfertilized plots of the biomass crops in fall (November 2014) may be due to nutrient availability from N-P-K (75:42:62 kg/ha) applied in spring 2014 and organic waste from litters and debris. The shifts in the abundance of the soil microbial communities in response to nutrient addition were consistent with the findings of Leff et al. (2015) and Ramirez et al. (2010) . Probably more carbon and nitrogen were available as the source of energy and nutrient for the bacterial and fungal communities to decompose and utilize. A recent study by Thompson et al. (2018) observed that denitrifying bacteria genes (nirS and nosZ) were more abundant in N-fertilized plots compared to unfertilized plots in miscanthus and switchgrass cropping systems and suggested a shift in the activity of denitrifying bacterial population as a result of fertilizer application. Conversely, the effect of fertilization was not significant in spring possibly due to low residual levels of the fertilizer and exhaustion of nutrients over the growing seasons.
We observed that fertilization had no impact on the abundance of AMF in both seasons analyzed; N-P-K enrichment did not alter AMF abundance. Several studies have reported contradictory results, with an increase, reduction or no impact of fertilization on AMF establishment in roots (Verbruggen et al. 2013; Williams et al. 2017 ). This could be as a result of differences in initial soil fertility (mainly soil N to P ratios), climate, pH and crop species (Williams et al. 2017) .
The effect of crop species was more dominant than fertilization in the fungal community because it was consistent in both seasons examined. With field studies, however, it is challenging to establish if shifts in microbial communities are absolutely the result of N addition, or if the shifts occurred due to changes to the plant community and their carbon (C) contribution to soils (Ramirez et al. 2010 ). In addition, fertilizer was applied to the split-plot in 2014 (1-year treatment) while the crops species were established 5 years earlier, therefore the dominance of the crop effects may be due to the differences in the length of treatment.
In grassland management, factors such as the quantity and quality of root exudates, variations in quality and quantity of litter, and plant composition influence shifts in the fungal/bacterial ratio (F/B) (De Vries et al. 2006) . The ratio of fungi to bacteria dominance is often used to determine environmental impact on soil microbial communities and ecosystem function such as carbon sequestration (Strickland and Rousk 2010; Malik et al. 2016) . In our study a higher F/B ratio was associated with poplar and willow, as compared to switchgrass and miscanthus, and higher F/B ratio in fall compared to spring sampling dates. De Vries et al. (2006) suggested that high F/B ratio in soils are more favorable for the sustenance of an agroecosystem because it indicates the availability of supplementary decomposed organic matter and N mineralization as nutrients for crop growth. The ability of biomass crops to sequester carbon is influenced by the quantity and quality of litter input to the soil (Agostini et al. 2015) , fine root biomass (Fortier et al. 2013) , and high fungal abundances (Kallenbach et al. 2016 , Malik et al. 2016 . Higher litter inputs in willow, and root biomass in switchgrass may have been responsible for higher SOC observed in these crops, whereas the lower fine root biomass associated with poplar in the top 20 cm of soil investigated may be responsible for the lower SOC reported (Fortier et al. 2013) . Higher abundance of plant-associated soil microorganisms like AMF recorded in switchgrass also has the potential to increase SOC due to increased hyphal growth and glomalin secretion (Clemmensen et al. 2015; Emery et al. 2017) . With this association, the cultivation of herbaceous species such as switchgrass may increase SOC accumulation in biofuel cropping systems, as seen in our trial (Table 1) . Soil organic carbon directly influences nutrient availability, water retention, C store, and biological diversity, and it is crucial to soil sustainability. Long-term studies are required to substantiate SOC accumulation and stability in biomass crop species (Agostini et al. 2015) .
Seasonal variations (sampling time) attributed to several factors such as temperature, precipitation, and substrate availability may have influenced the abundance of the soil microbial communities between the fall and spring season (Butterbach-Bahl et al. 2013; Smith et al. 2010) . Higher ITS, and AMF SSU rRNA gene copies were observed in fall compared to spring, seasonal influence was more pronounced on the fungi and AMF communities than on the bacterial community. This seasonal shift corroborates the hypothesis of seasonal dynamics; fungi can access recalcitrant carbon, immobilize and store nutrients resulting in higher gene abundance in fall compared to spring (Bardgett et al. 2005; Schadt et al. 2003) . Studies done by Koranda et al. (2013) suggested that the functional response of microbial communities to the addition of various substrates differed in the various seasons they studied. These variations may also be due to seasonal inputs of litter, litter decomposition and photosynthate distribution (Voříšková et al. 2014) .
Biomass yield is an important parameter to determine biomass crop productivity on marginal lands. According to the results of biomass yield from the four crops assessed from our site in an earlier study, miscanthus had the highest biomass yield followed by willow. Fertilizer application positively influenced yield in miscanthus and willow, however, switchgrass yield was not influenced by fertilization (Marsal et al. 2016) . Several studies have also observed that herbaceous crops, especially miscanthus, have greater yield compared to woody crops (Laurent et al. 2015; Marsal et al. 2016; Amaducci et al. 2017 ). The similarity in yield observed in the fertilized and unfertilized plots of switchgrass has also been reported by Duran et al. (2016) and Sanford et al. (2016) . High AMF abundance may have enhanced nutrient cycling and enabled plant to overcome nitrogen limitation in the unfertilized plots.
Conclusion
Plant-microbe interactions significantly impact nutrient cycling and plant productivity and therefore, it is important to consider shifts in microbial communities when establishing bioenergy cropping systems. In this study, higher bacterial and fungal, but not AMF communities were associated with nitrogen fertilizer treatment in fall, but not spring sampling, indicating, transient shifts associated with fertilization. Crop species had a greater influence, with woody species promoting abundance of fungal communities, and herbaceous species promoting AMF communities. No significant shifts in bacterial communities were quantified. While woody and herbaceous bioenergy cropping systems seem to promote different microbial groups in this system, both higher F/B ratios observed in poplar and willow, and the high AMF abundance observed in miscanthus and switchgrass are indications of increased potential for soil organic matter accumulation. Thus, these bioenergy cropping systems may be useful to enhance sustainability on marginal lands.
